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[57] ABSTRACT 
A ?at web of sizable thickness made of thermoplastic 
can be extruded from an extrusion die without a restric 
tor bar if a thickness D of a restricting passage is made 
smaller than a shaping distance A of die lips (4, 5), and 
if at least one wall of the restricting passage (6) is adjust 
ably designed as an elastic lip (7) by adjusting elements 
(8), so that thickness D and distance A can be changed 
at the same time by actuating the adjusting elements. 

5 Claims, 1 Drawing Sheet 





5,273,420 
1 

EXTRUSION DIE FOR THERMOPLASTIC WEBS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an extrusion die for the pro 

duction of ?at webs of sizable thickness made of ther 
moplastic; they are also designated as ?at-sheet dies. 

2. Discussion of Background 
For extrusion of thin sheets, ?at-sheet dies without a 

restrictor bar but with elastic die outlet lips, so-ealled 
“flex lips,” are used. By their elasticity, they allow a 
change in thickness of the flow channel of the thermo 
plastic melt from the manifold, up to the die lips, by up 
to about one half millimeter. For this purpose, multiple 
adjusting screws or thermal expansion pins, which act 
on the elastic lip, are used. When the thickness of the 
extruded sheet web is under 2 mm, an adjusting lift of 
one half millimeter is suf?cient to regulate the ?ow of 
melt to the die lips and to compensate for possible irreg 
ularities in the transverse direction. 
According to German utility model G 88 13 801, the 

positioning force is allowed to act on the elastic lip by 
multiple movably placed plates. This enables a more 
precise adjustment, for example for bead size adjust 
ment on a downstream polishing roller, but the adjust 
ing lift is on an order of magnitude which is matched to 
the extrusion of thin sheet webs. 
For extrusion of therrnoplastics into sheet webs with 

a thickness of more than 2 mm, ?at-sheet dies with a 
restrictor bar are generally used. This is understood to 
be a bar projecting between the manifold and the die 
lips in the restricting passage of the die, which is placed 
movably in a groove and can be sunk by a suitable 
adjusting mechanism to different depths in the melt 
stream. In this way, melt streams of considerable thick 
ness can also be controlled. 
A number of drawbacks are connected with the use 

of a restrictor bar. It has to be produced separately and 
?tted tightly into the groove provided for it. The pene 
tration of the plastic melt in the gap between the groove 
wall and the restrictor bar has to be prevented by seal 
ing strips, which is only conditionally possible because 
of the material requirements on the sealing means which 
are difficult to meet. For design reasons, the restrictor 
bar has to be at a considerable distance from the die lips, 
where the melt is still under a very high pressure. 
Therefore it has to be very rigidly designed, so that it is 
only conditionally suitable for a fine control over the 
die width. The required positioning forces are consider 
able. The great pressure drop of the melt from the area 
of the restrictor bar up to the die lips can cause cross 
currents, by which the compensating action of the re 
strictor bar is partially destroyed again. Further, so 
called dead points in the melt channel at the beginning 
and at the end of the restrictor bar are difficult to avoid. 
As a result, portions of the melt can be stopped and only 
be moved after the beginning of a thermal decomposi 
tion, so that streaks of decomposed material occur in the 
produced web. 

SUMMARY OF THE INVENTION 

Accordingly, one object of the invention is to pro 
vide a novel extrusion die for producing ?at webs of 
sizable thickness without the drawbacks associated with 
the use of a restrictor bar. The object is achieved by an 
extrusion die, which is represented diagrammatically in 
a sectional view in FIG. 1. For comparisons, FIG. 2 
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2 
shows a conventional flat-sheet die with restrictor bar 
20. 
According to the present invention, an extrusion die 

for use in the production of flat thermoplastic webs 
comprises: 

an input channel for receiving a thermoplastic melt; 
a manifold; 
a pair of die lips forming an outlet of the extrusion 

die, the die lips being separated by a distance A at the 
outlet; 

a restricting passage having a thickness D smaller 
than the distance A, the restricting passage being ar 
ranged between the manifold and the die lips and hav 
ing a wall including an adjustably designed elastic lip; 
and 
means for adjusting the elastic lip to simultaneously 

change the thickness D and the distance A. 
Preferably, the distance A is two to ten times larger 

than the thickness D, the lips extend parallel to one 
another at the outlet of the extrusion die, and the extru 
sion die does not include a restrictor bar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings, wherein: 
FIG. 1 diagrammatically represents a sectional view 

of the extrusion die of the present invention; and 
FIG. 2 shows a prior art extrusion die having a re 

strictor bar. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like refer 
ence numerals designate identical or corresponding 
parts throughout the several views, and more particu 
larly to FIG. 1 thereof, the present invention includes 
an extrusion die 1 for the production of ?at webs made 
of thermoplastic, containing an input channel 2 for re 
ceiving the thermoplastic melt, a manifold 3, a pair of 
die lips 4, 5 and a restricting passage 6 placed between 
the manifold and the die lips. According to the inven 
tion, thickness D of the restriction passage is smaller 
than shaping distance A of die lips 4, 5. At least one wall 
of restricting passage 6 is adjustably designed as an 
elastic lip 7 by an adjusting means 8, so that thickness D 
and distance A can be changed at the same time by 
actuating the adjusting means. 

Restricting passage 6 has a thickness D so small that 
the adjusting lift of elastic lip 7 is sufficient for control 
and fine adjustment of the melt stream. In the area of the 
die lips, the melt coming out of the restricting passage 6 
is collected and the thickness of the extrudate increases 
to the desired thickness A. The speed of the extrudate 
decreases in inverse ratio, as the extrudate thickness 
increases. A restrictor bar is no longer necessary to 
control the melt stream and preferably is not present. As 
a result, all drawbacks associated with the restrictor bar 
are eliminated. The greater ?exibility of lip 7 makes 
possible a much ?ner control of the melt stream in a 
narrowly limited width area than would be possible 
with a restrictor bar. The pressure loss after the output 
from restrictor area 6 is so small that crosscurrents, 
which could affect the uniformity of the melt stream, do 
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not occur. This is true in particular if the distance from 
the downstream end of the restricting passage 6 to die 
lips 4, 5 is not greater than twice the distance A. 

In the entire ?ow area of die 1, the melt ?ows on 
smooth, unperforated walls, so that it can produce nei 
ther dead points nor leaks. It is unnecessary to reroute 
the melt as is conventional in dies having restriction 
bars. As a result, the design structure of the die is simpli 
lied and the pressure loss in the melt stream is reduced. 
The advantages of the new die are most effective if 

the ratio of AD ranges from about 2 to about 10. Thick 
ness D in the restrictor area is, e.g., l to 4 mm, prefera 
bly l to 2 mm, while distance A of die lips 4, 5 can be 
about, 3 to 40 mm or optionally even more. It is suitable 
to design elastic lip 7 so that it is planar up to shaping 
die lip 5 and to con?gure the transition in thickness 
from restricting region 6 to die lip 4 in the form of an 
inclined stage 11 with rounded corners to encourage a 
laminar flow of the melt. The angle of inclination of 
stage 11 from the opposite wall can be 15 to 60°. Di 
rectly in front of shaping die lip 4, the opposite walls of 
the flow channel are parallel to one another in the pre 
ferred embodiment of the invention. The length of the 
parallel output area is generally smaller than distance A 
of the die lips. In the extreme case, the parallel area can 
be totally absent, so that the output area is divergent. 
The length of restrictor area 6 can range, e.g., from 

10 to 100 mm. If manifold 3, as usual, is designed 
curved, the restrictor area begins on the end of the 
manifold lying nearest to lips 4, 5. The length of elastic 
lip 7 is dimensioned so that it allows an adjusting lift up 
to 0.5 mm without permanent deformation. The ?ne 
adjustment as a rule is facilitated if elastic lip 7 has a 
uniform thickness up to die lip 5 and the positioning 
force of adjusting elements 8 is introduced by movable 
plates 9 according to the teaching of German utility 
model G 88 13 801. But for special applications, a varia 
tion of the lip thickness could also be advantageous. 

Adjusting elements 8, e.g., adjusting pins, thermal 
expansion pins or piezotranslators, preferably act on an 
elastic steel band 10. The closer the adjusting elements 
8 are placed and the narrower the plates 9 are, the more 
?nely adjustable the die is. Preferably, adjusting ele 
ments 8 are placed in lateral distances not over 40 mm 
and the plates are l to 5 mm thick. 

After issuing from lips 4, 5, extruded extrudates up to 
a 15 mm thickness can be further treated on a conven 
tional polishing roller, and the ?ne adjustability of the 
die according to the invention has an advantageous 
effect in controlling the bulge at the ?rst nip. Thicker 
extrudates can be taken over by an endless conveyor 
belt and conveyed on the latter through a cooling zone. 
With the extrusion die of the present invention, ther 

moplastics of all types, which are suitable for the pro 
duction of ?at webs of average to greater thickness, can 
be extruded. As examples, there can be mentioned 
PMMA, PC, PVC, PS, polyole?ns, PA, PES, PEEK. 
The plastic melt is fed from an extruder (not shown in 
the drawing) into input channel 2. By using a suitable 
adapter in front of input channel 2, various plastics can 
also be coextruded to multilayer webs. 

Obviously, numerous modi?cations and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
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4 
practiced otherwise than as speci?cally described 
herein. 
What is claimed is: 
1. An extrusion die for use in the production of ?at 

thermoplastic webs, comprising: 
an input channel for receiving a thermoplastic melt; 
a manifold connected to said input channel; 
a pair of die lips forming an outlet of said extrusion 

die, said die lips being separated by a shaping dis 
tance A of 3 to 40 mm at said outlet; 

a restricting passage having a thickness D of l to 4 
mm, smaller than said distance A such that a ratio 
AD is in a range from about 2 to about 10, said 
restricting passage being arranged between the 
manifold and the die lips and having a wall includ 
ing an adjustable elastic lip, one of said die lips 
being connected to the adjustable elastic lip; and 

means for adjusting said elastic lip to simultaneously 
change the thickness D and the distance A, 
wherein said thickness D of the restricting passage 
is sized for permitting a control of a melt stream by 
the adjustable elastic lip; 

wherein said die lips extend parallel to one another at 
said outlet for forming a parallel output area, and 
said die lips are connected to said restricting pas 
sage by a ?rst wall which is planar with one of said 
die lips and a second wall which is inclined away 
from said ?rst wall and comprises rounded corners 
for permitting a laminar flow, said inclined second 
wall being connected to the other one of said die 
lips. 

2. An extrusion die according to claim 1, wherein said 
parallel output area has an axial length in the direction 
of extrusion smaller than said distance A. 

3. An extrusion die according to of claim 1, wherein 
said extrusion die contains no restrictor bar. 

4. An extrusion die according to claim 1, wherein the 
distance from a downstream end of the restricting pas~ 
sage to said outlet is not farther than twice distance A. 

5. An extrusion die for use in the production of flat 
thermoplastic webs, comprising: 

an input channel for receiving a thermoplastic melt; 
a manifold connected to said input channel; 
a pair of die lips forming an outlet of said extrusion 

die, said die lips being separated by a shaping dis 
tance A at said outlet; 

a restricting passage having a thickness D smaller 
than said distance A, said restricting passage being 
arranged between the manifold and the die lips and 
having a wall including an adjustable elastic lip, 
one of said die lips being connected to the adjust 
able elastic lip; and 

means for adjusting said elastic lip to simultaneously 
change the thickness D and the distance A; 

wherein said die lips are connected to the restricting 
passage by walls which diverge from one another 
at said outlet such that one of said walls is planar 
with one of said die lips and the other one of said 
walls is inclined away from said one wall and con 
nected to the other one of said die lips, and said 
thickness D of the restricting passage is sized for 
permitting a control of a melt stream by the adjust 
able elastic lip. 
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